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,QWURGXFWLRQ
³7KHDUFKLWHFWXUDOKHULWDJHLQFOXGHVQRWRQO\LQGLYLGXDOEXLOGLQJVRIH[FHSWLRQDOTXDOLW\DQGWKHLUVXUURXQGLQJVEXW
DOVRDOODUHDVRIWRZQVRUYLOODJHVRIKLVWRULFRUFXOWXUDOLQWHUHVW´>@WKLVVWDWHPHQWIURPWKH'HFODUDWLRQRI$PVWHUGDP
UDWLILHVDWDQLQWHUQDWLRQDOOHYHOWKHIHHOLQJWKDWVRPHVHQVLWLYHVFKRODUV-RKQ5XVNLQ>@DPRQJRWKHUVKDG
DOUHDG\IRUHVHHQDFHQWXU\EHIRUHLHWKHQHFHVVLW\WRHQODUJHWKHILHOGRIDUFKLWHFWXUDOUHVWRUDWLRQDOVRWRWKH³PLQRU´
DUFKLWHFWXUHDVDZLWQHVVRISDVWWHFKQLTXHVWUDGLWLRQVDQGZD\RIOLIH7KHZLOOWRSUHVHUYHWKHVHGRFXPHQWVPDGHRI
VWRQHVDQGWLPEHUDQGWRSDVVWKHPRQWRIXWXUHJHQHUDWLRQVLVDOVRZLGHQHGWRWKHVXUURXQGLQJVWRWKHHQYLURQPHQWLQ
ZKLFKWKHVHREMHFWVZHUHEXLOWWKLVLVFRQVLGHUHGQHFHVVDU\EHFDXVHWKHSHUFHSWLRQZHKDYHRIDQREMHFWHVSHFLDOO\DW
DQDUFKLWHFWXUDOOHYHOLVGHHSO\LQIOXHQFHGE\WKHOLJKWE\WKHSHUVSHFWLYHLQZKLFKZHORRNDWLWDQGE\ZKDWZHVHH
DURXQG
7KHUHODWLRQZLWKWKHVXUURXQGLQJQDWXUDOHOHPHQWVLVSDUWLFXODUO\VLJQLILFDQWLQWKHFDVHRIYHUQDFXODUEXLOGLQJV
%XWWKHUHDUHVRPHFDVHVLQZKLFKWKHUHODWLRQEHWZHHQDEXLOGLQJDQG1DWXUHDOODURXQGLVHYHQGHHSHUWKHFDVHRI
FRQVWUXFWLRQZKLFKWDNHDGYDQWDJHRIURFNSURWUXVLRQVDVDSURWHFWLRQDQGDSDUWRIWKHEXLOGLQJLWVHOI,QWKHVHFDVHV
WKH ERXQGDU\EHWZHHQ WKH EXLOGLQJ DQG WKH QDWXUDO HOHPHQWV YDQLVKHV DQG FRQVHUYDWLRQ FDQQRW DYRLG WR WDNH LQWR
FRQVLGHUDWLRQEXLOGLQJVDQGURFNVDVDZKROH
7KHFDVHVWXG\EDUPD0RXQDVWLUD
2.1. Description of the site 
7KHREMHFWRIWKLVVWXG\LVDKDPOHWLQWKH:HVWHUQ,WDOLDQ$OSVQDPHGEDUPD0RXQDVWLUD)LJXUH7KHVPDOO
JURXSRIYHUQDFXODUEXLOGLQJLVSODFHGXQGHUDKLJKVWRQHIDFHRQWKHVWHHSOHIWRURJUDSKLFVLGHRIWKHULYHU$QJURJQD
WULEXWDU\RIWKH3HOOLFHULYHU,WVWRSRQLP\±EDUPD±KDVDFHOWLFRULJLQEDOPHQKLJKVWRQHDQGLWLVXVHGLQDZLGH
DUHDWRUHIHUWRFDYHVSURWUXGLQJURFNVDQGVWRQHVKHOWHUV>@


)LJ7KHEDUPD0RXQDVWLUDVLWHLQFRPSOHWHKDUPRQ\ZLWKWKHQDWXUDOHOHPHQWV
7KHKDPOHWZKRVHLQKDELWDQWVZHUHFOHDUO\GHGLFDWHGWRIDUPLQJDQGOLYHGLQDVWULFWUHODWLRQZLWKWKHVXUURXQGLQJ
ZRRGVLVFRPSRVHGE\VPDOOEXLOGLQJVLQFOXGLQJ
x $PDLQWKUHHVWRUH\HGKRXVHLQGHSHQGHQWIURPWKHQDWXUDOURFNZLWKDVWDEOHDNLWFKHQDQGDURRPZLWKD
EDOFRQ\
x $WZRVWRUH\HGKRXVHZLWKDVWDEOHDNLWFKHQDQGDURRP
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x $VPDOOLQGHSHQGHQWVWDEOH
x $KD\ORIWZLWKDSDUWLFXODUIORRUPDGHRILQWHUZRYHQEUDQFKHVWRLPSURYHDLUFLUFXODWLRQ
x $ODERUDWRU\IRUKDQGFUDIWZRUNVSDUWLFXODUO\IRUZLQWHUPRQWKVZKHQWKHILHOGZRUNVZHUHOLPLWHG
x $ZRRGVKHG
x $QRYHQ
x 2WKHUVPDOOFRQVWUXFWLRQV
 7KHGZHOOLQJVDUHYHU\VLPSOHPDGHRIVWRQHPDVRQU\ZLWKOLWWOHSRRUPRUWDUDQGWLPEHUIORRUDQGURRIVWUXFWXUHV
7KHURRIVDUHFRYHUHGZLWKW\SLFDOIODWJQHLVVVWRQHHOHPHQWVFDOOHG³ORVH´ZKLFKFRXOGEHIRXQGE\WKHEXLOGHUVLQ
WKHVDPHDUHD0RVWRIWKHEXLOGLQJVWDNHDGYDQWDJHRIWKHQDWXUDOURFNPDVVDVDQH[WHUQDOSDUWLWLRQDQGVRPHWUXVVHV
DUHGLUHFWO\OHDQLQJRQLW7KHFRQQHFWLRQVEHWZHHQWKHGLIIHUHQWOHYHOVDUHPDGHZLWKH[WHUQDOVWDLUVDVWKHURRPV
LQVLGHDUHYHU\VPDOODQGORZWRUHGXFHWKHKHDWGLVSHUVLRQ+HDWLQJZDVHQVXUHGRQO\E\ILUHDQGVRPHWUDFHVRI
VPRNHFDQVWLOOEHIRXQGLQVLGHWKHNLWFKHQURRPV
2.2. Survey of pathological phenomena 
7KH ILUVW VWHS WR EH WDNHQ WRZDUGV D FRQVFLRXV FRQVHUYDWLRQ SURFHVV UHJDUGV WKH NQRZOHGJH RI WKH FXUUHQW
SUHVHUYDWLRQVWDWXV7KHUHIRUHDQLQGHSWKVXUYH\DQGDQDO\VLVRIWKHGHFD\SKHQRPHQDDQGRIWKHVWUXFWXUDOGLVRUGHUV
ZHUHFDUULHGRXW


)LJ7KHVXUYH\RIWKHGHFD\SKHQRPHQDVKRZVDVWULFWFRQQHFWLRQZLWKWKHZDWHULQILOWUDWLRQVIURPWKHURFNVEHKLQG>@
7KHSRVLWLRQFKRVHQE\WKHEXLOGHUVZDVVXSSRVHGWRSURWHFWWKHFRQVWUXFWLRQVIURPWKHHOHPHQWVDQGWRVXSSO\
ZDWHU WZRQDWXUDO IRXQWDLQV DUHSUHVHQWQHDU WKHEXLOGLQJV EXW WKH VWULFW UHODWLRQEHWZHHQ WKH EXLOGLQJV DQG WKH
RYHUKDQJLQJURFNVDOVRSRVHVVRPHSUREOHPVWREHVROYHGLQYLHZRIDSRVVLEOHUHVWRUDWLRQDQGUHXVHSURMHFW)LUVWRI
DOODVDIHW\LVVXHRQO\WZR\HDUVDJRLQDODUJHVWRQHHOHPHQWGHWDFKHGIURPDVORSHLQWKH)UHQFK$OSVNLOOHG
WZRFKLOGUHQZKRZHUHVOHHSLQJLQWKHLUKRXVHEHORZ>@LVLWOLNHO\WRKDSSHQDOVRLQWKLVVSHFLILFFDVH"
$QDQVZHUPXVWEHJLYHQEHIRUHLQVHUWLQJDQHZIXQFWLRQ0RUHRYHULWZDVSRVVLEOHWRREVHUYHWKDWPDQ\RIWKH
GHFD\SKHQRPHQDLQWKHGZHOOLQJVSDUWLFXODUO\RQWKHWLPEHUHOHPHQWVDUHFRQQHFWHGWRWKHZDWHUOHDNVFRPLQJIURP
WKHURFNVWKHPVHOYHV)LJXUHZLWKRXWDQDSSURSULDWHUHJLPHQWLQJZDWHUFDQFKDQJHIURPUHVRXUFHWRSUREOHP$W
ODVWWKHPRVWVHYHUHFUDFNSDWWHUQZDVREVHUYHGRQDEXLOGLQJZKLFKFOHDUO\VXIIHUHGIURPDGLIIHUHQWLDOVRLOVHWWOHPHQW
)LJXUHGXHWRWKHGLIIHUHQWFRQGLWLRQVRIWKHIRXQGDWLRQVRQRQHVLGHQHDUHVWWRWKHURFNVWKH\UHVWGLUHFWO\RYHU
WKHPDQGRQWKHRWKHUSDUWSUREDEO\UHVWLQJRYHUGHEULVDQGWKHUHIRUHPRUHGHIRUPDEOH,QFRQFOXVLRQPRVWRIWKH
LGHQWLILHG SUREOHPV DUH UHODWHG WR JHRORJLFDO DQG JHRWHFKQLFDO LVVXHV 7KHUHIRUH EHIRUH DGGUHVVLQJ WKH VSHFLILF
UHVWRUDWLRQLVVXHVDQDO\VHVRIWKHVHSUREOHPVIURPDVSHFLDOL]HGSRLQWRIYLHZLVQHHGHG

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)LJ7KHPDLQFUDFNSDWWHUQLVFDXVHGE\DGLIIHUHQWLDOVRLO
VHWWOHPHQW

)LJ6NHWFKRIWKHJHRORJLFDODOSLQHGRPDLQV%DVHPHQWDDQG6ZLVVEURRIV3UHDOSV6XEEULDQFRQDLV]RQH%ULDQFRQQDLV]RQH
6HPSLRQH7LFLQR1DSSHVDQG&DPXJKHUD0RQXFFR=RQH,QWHUQDOFU\VWDOOLQHPDVVLI3LHGPRQWV=RQH$OSLQHIO\VFKRI8ED\H(PEUXQDL
DQG/LJXULD6HVLD/DQ]R=RQH6/DQG'HQW%ODQFKH1DSSH'%6RXWKHUQ$OSV7HUWLDU\SRVWNLQHPDWLFLQWUXVLYHRI7UDYHUVHOOD
DQG9DOOHGHO&HUYR$SHQQLQHVDQG0RQIHUUDWR4XDWHUQDU\DQG7HUWLDU\VHGLPHQWVRI/LJXULDQ3LHGPRQWHVHEDVLQDQG3RSODLQ
&DQDYHVH/LQH&/DQGERXQGDU\EHWZHHQ$OSVDQG$SHQQLQHV

7KHJHRORJLFDODQGJHRPHFKDQLFDODQDO\VHV
3.1. The geological framework 
7KH9DOOH$QJURJQD LVD OHIW WULEXWDU\RI WKH9DO3HOOLFH ORFDWHG LQ WKH:HVWHUQVHFWRURI WKH,WDOLDQ$OSVDQG
EHORQJVWRWKH3HQQLQLF'RPDLQZKLFKLVFKDUDFWHUL]HGE\WZRWHFWRQLFVXQLWVWKH3LHGPRQWHVH=RQHDQGWKH'RUD
0DLUD0DVVLI7KHVWXGLHGDUHD LV LQFOXGHGZLWKLQ WKH'RUD0DLUDZKLFK LVRQHRI WKH,QWHUQDO&U\VWDOOLQH0DVVLI
UHSUHVHQWLQJ WKH DQFLHQW (XURSHDQ FRQWLQHQWDO FUXVW )LJXUH  7KH 'RUD 0DLUD LV FRPSRVHG SULQFLSDOO\ RI D
SROLPHWDPRUSKLFEDVHPHQWRISUREDEOHSUH&DUERQLIHURXVDJHDQGE\DPRQRPHWDPRUSKLFFRYHUXQLWRISUHVXPHG
&DUERQLIHURXV3HUPLDQDJH>@>@H>@

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

)LJ(TXLDUHDOSURMHFWLRQVRIWKHVXUYH\HGGLVFRQWLQXLWLHV>@)RXUPDLQGLVFRQWLQXLW\V\VWHPVZHUHKLJKOLJKWHG7DE)
7DEOH6XPPDU\RIWKHV\VWHPVRULHQWDWLRQDYHUDJHYDOXHV
6LVWHP 3ROH 6SDFLQJ 0HDQ3ODQH
 'LS'LS'LU
>@
>FP@ 'LS'LS'LU>@
.   
.   
.   
.   

7DEOH+\SRWKHVL]HG%ROWIHDWXUHVDQGUHODWHG6DIHW\)DFWRU
/HQJWK $QFKRU/HQJWK 7UHQG3OXQJH &DSDFLW\
>P@ >P@ >@ >01@
   
6$)(7<)$&725



,QSDUWLFXODUWKH9DOOH$QJURJQDLVPDLQO\FRPSRVHGE\
x DODUJHYDULHW\RIJQHLVVWKDWRIWHQH[KLELWWH[WXUDODQGFRPSRVLWLRQDOPXOWLSOHJUDGDWLRQVWKLVOLWKRORJ\PDLQO\
FKDUDFWHUL]HWKHURFNPDVVRYHUKDQJLQJWKHYHUQDFXODUEXLOGLQJV
x JODQGXODUJQHLVVFRPSOH[FRPSULVLQJ WKHVHYHUDOZLWKPLFURJQHLVVDQG0LFDVFKLVW LQWHUFDODWLRQVEHORQJLQJ WR
³(QVHPEOHV*UDSKLWLTXHGH3LQHUROR´
x FRPSOH[JUDSKLWHRI3LQHURORFKDUDFWHUL]HGE\WKHSUHVHQFHRIJUDSKLWHLQOHQVHVIURPVHTXHQFHVRIFRQJORPHUDWH
DQGTXDUW]LWHJQHLVVPHWDSHOLWHVPHWDUHQLWHVRIWKHFRDODJH
x FRPSOH[RI'URQHURFRQVLVWLQJRIJQHLVVDQG0LFDVFKLVWDQGJQHLVVPLQXWHGHEULVVRXUFHVHYHUDOVPDOOHUDQGPLFUR
GHEULV3HUPLDQDJHYROFDQRVRXUFH>@>@
3.2. Geomechanical Survey 
7KHVWDELOLW\ERWKIRUWKHEXLOGLQJVDQGIRUWKHURFNIDFHLVVWULFWO\FRQQHFWHGWRWKHPHFKDQLFDOIHDWXUHVRIWKHURFN
PDVV7UDGLWLRQDOJHRPHFKDQLFDO VXUYH\ZHUH FDUULHGRXW LQRUGHU WR LGHQWLI\ WKHPDLQGLVFRQWLQXLW\ V\VWHPV WKDW
FKDUDFWHUL]HVWKHURFNIDFH
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7KHDGRSWHGPHWKRGRORJ\FRQVLVWHGERWKLQDVXEMHFWLYHVXUYH\RIWKHPDLQGLVFRQWLQXLWLHVSOD\LQJDQLPSRUWDQW
UROHRQWKHIDFHVWDELOLW\DQGDQREMHFWLYHVXUYH\ZLWKVFDQOLQHVQHDUO\SHUSHQGLFXODUWRWKHPDLQGLVFRQWLQXLWLHVRQ
IRXUGLIIHUHQWRULHQWDWLRQRIWKHURFNIDFHLQRUGHUWRGHILQHWKHYDOXHVRIWKHDYHUDJHV
VSDFLQJIRUHDFKVHWRIIUDFWXUHV$VWDWLVWLFDODQDO\VLVZDVSHUIRUPHGDQGGDWDZHUHSURFHVVHGXVLQJDSORWWLQJSDWWHUQV
)LJXUH
3.3. Kinematic analysis and preliminary investigations 
,QRUGHUWRLGHQWLI\SRWHQWLDONLQHPDWLFIDLOXUHWKH0DUNODQG7HVW>@ZDVSHUIRUPHG7KHWHVWPDGHE\LPSRVLQJ
DIULFWLRQDQJOHYDOXHRIDQGD'LS'LS'LUHFWLRQRIWKHURFNIDFHRULHQWDWLRQRIDERXWKLJKOLJKWHGVRPH
FULWLFDOFRQGLWLRQVIRUVWDELOLW\'LVFRQWLQXLW\V\VWHPVDQGLGHQWLI\ZHGJHV)LJXUHZKLFKIDOOZLWKLQWKHSORW
DUHDEHWZHHQWKHURFNIDFHWKHIULFWLRQDQJOHFLUFOHDQGWKHേʹͲιGHYLDWLRQRIWKHGLSGLUHFWLRQ0RYHPHQWFDQRFFXU
DORQJWKHLQWHUVHFWLRQOLQHZLWKLQFOLQDWLRQOHVVWKDQWKDWRIWKHURFNIDFHEXWJUHDWHUWKDQWKHIULFWLRQDQJOH$VHFRQG
WHVWDOVRFRQILUPHGWKHSRVVLEOHWULJJHULQJRISODQDUVOLGLQJPRYHPHQWGXHWRWKHSUHVHQFHRIJHRPHWULFFRQGLWLRQV
UHJDUGLQJ WKH GLVFRQWLQXLW\ RULHQWDWLRQ LQ UHVSHFW WR WKH URFN IDFH VLPLODU GLS GLUHFWLRQ DQG ORZHU GLS RI WKH
GLVFRQWLQXLW\

)LJ0DUNODQGWHVWFDUULHGRXWIRUWKUHHGLPHQVLRQDOVOLGLQJXVLQJ
WKHRULHQWDWLRQRIWKHURFNIDFHRI͘

)LJ*HRPHWU\RIWKHSRWHQWLDOO\XQVWDEOHURFNZHGJHZLWK
LQGLFDWLRQRIWKHSURWHFWLRQPHDVXUHLHEROWLQEOXH
7KH0DUNODQG7HVWDOORZVWRFDOFXODWHWKHVDIHW\IDFWRUZKLFKVKRZVDYDOXHRIRQSRWHQWLDOO\XQVWDEOHEORFNV
+DYLQJGHWHUPLQHG WKDW WKHDYHUDJH OHQJWKRIPRVWGLVFRQWLQXLWLHV LVEHWZHHQDQGP WKHSRWHQWLDOYROXPHRI
XQVWDEOHEORFNVLVDERXWP,QWKLVUHJDUGXVLQJWKHSURJUDPSwedge>@ QDLOLQJVRUEROWLQJVVROXWLRQVFDQEH
DSSOLHG LQFUHDVLQJ WKH VDIHW\ IDFWRU WRDSSURSULDWHYDOXHV 7DEOH)LJXUH:DWHU VSLOOVZHUH ORFDOO\REVHUYHG
SDUWLFXODUO\LQFRUUHVSRQGHQFHRIFHUWDLQGLVFRQWLQXLWLHV
6XPPDU\DQG&RQFOXVLRQ
7KHFRQVHUYDWLRQDQGUHVWRUDWLRQRIKLVWRULFDODUFKLWHFWXUHDOVRLQWKHKXPEOHVWFDVHVLVDOZD\VDILHOGLQZKLFK
GLIIHUHQWGLVFLSOLQHVPXVWPHHWDQGFRRSHUDWHLQRUGHUWRUHDFKWKHEHVWVROXWLRQVWRSDVVRQDWHVWLPRQ\IURPWKHSDVW
WRWKHIXWXUHJHQHUDWLRQV,QWKHFDVHSUHVHQWHGLQWKLVSDSHUDQLPSRUWDQWUROHLQWKHGHILQLWLRQRIWKHSRVVLELOLWLHVIRU
DVDIHFRQVHUYDWLRQLVSOD\HGE\JHRPHFKDQLFVDVWKHDQDO\]HGYHUQDFXODUGZHOOLQJVZHUHEXLOWXQGHUDODUJHURFN
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IDFH7KHDUFKLWHFWXUDODQGSDWKRORJLFDOVXUYH\FOHDUO\VKRZHGWKDWWKHUHODWLRQEHWZHHQEXLOGLQJVDQGQDWXUDOHOHPHQWV
KDGDWWKHVDPHWLPHSRVLWLYHDQGQHJDWLYHHIIHFWV,QGHHGWKHSRVLWLRQJXDUDQWHHGSURWHFWLRQIURPWKHHOHPHQWVDQG
ZDWHUVXSSO\EXWQRZLQYLHZRIDSRVVLEOHUHXVHLWSRVHVVHULRXVVDIHW\LVVXHVDQGLWLQGXFHVZDWHUUHODWHGGHFD\
SKHQRPHQD DQG VRLO VHWWOHPHQWV$ ILUVW VWHS LQ WKHJHRPHFKDQLFDO FKDUDFWHULVDWLRQ DQGGHILQLWLRQRI WKH VWDELOLW\
FRQGLWLRQVRIWKHURFNIDFHKDYHEHHQDFFRPSOLVK7UDGLWLRQDOJHRPHFKDQLFDOVXUYH\VZHUHFDUULHGRXWDWWKHERWWRP
RIWKHURFNIDFHZKHUHDFFHVVLEOH$ERXWGLVFRQWLQXLWLHVZHUHUHFRUGHGDQGVWDWLVWLFDODQDO\VLVRIWKHVHUHYHDOHG
IRXUPDLQIDPLOLHV7KHVXUYH\VKRZHGWKDWWKHDYHUDJHOHQJWKRIPRVWGLVFRQWLQXLWLHVLVEHWZHHQDQGPWKHUHIRUH
WKHYROXPHRISRWHQWLDOO\XQVWDEOHEORFNVYDULHVEHWZHHQ݉ଷDQG݉ଷZLWKSUHYDOHQFHDURXQG݉ଷ3ODQDU
DQGWKUHHGLPHQVLRQDOVOLGLQJDUHSRVVLEOHDQGWKHVDIHW\IDFWRUFDOFXODWHGIRUWKHSRWHQWLDOO\XQVWDEOHEORFNVLV
1XPHULFDOVLPXODWLRQVDOORZWRYHULI\WKHHIIHFWRIVSHFLILFLQWHUYHQWLRQVLHEROWLQJRQWKHVDIHW\IDFWRU
,WZDVDOVRREVHUYHGWKHSUHVHQFHRIZDWHU LQVLGHVRPHGLVFRQWLQXLW\DVVXPLQJDQDFWLYHUROH LQ WKHLQVWDELOLW\
SURFHVVHV6XEKRUL]RQWDOGULOOLQJFRXOGEHVXJJHVWHGGUDLQLQJWKHZDWHUIXUWKHUGRZQVWUHDPRWKHUZLVH\RXFRXOG
RSHUDWHZLWKWKHPDVRQU\RUFROOHFWRUVXUIDFHE\NQRZQZLWKGUDZDOV7KLVZRXOGWKHQVROYHWKHSUREOHPRIKXPLGLW\
LQVLGHEXLOGLQJVFRPELQHGZLWKWKHURFN)LQDOO\DQRWKHUDVSHFWWREHFRQVLGHUHGLVWKHSUHVHQFHDQGWKHIHDWXUHVRI
WKHGHEULVRQZKLFKVRPHEXLOGLQJVVHHPWROHDQ7KHEXLOGLQJVZHUHDIIHFWHGE\VXEVLGHQFHSKHQRPHQDRIWKHGHEULV
RQZKLFKWKH\DUHEDVHG*UDLQVL]HGLVWULEXWLRQFXUYHVDQGFRPSRVLWLRQDOIHDWXUHVRIWKHGHEULVVKRXOGEHDFFHVVHGLQ
RUGHUWRGHILQHDQDSSURSULDWHORFDOL]HGLQWHUYHQWLRQRIVWDELOL]DWLRQ
)XUWKHULQYHVWLJDWLRQVKDYHWREHFDUULHGRXWLQRUGHUWRLQWHJUDWHWKHJHRPHFKDQLFDOGDWDZLWKWKRVHFRPLQJIURP
WKHXSSHUSRUWLRQRIWKHURFNIDFHDQGWRLPSOHPHQWIXUWKHUVDIHW\PHDVXUHV
7KHSURSRVHGLQWHUGLVFLSOLQDU\DSSURDFKDLPVDWSUHVHUYLQJQRWRQO\WKHEXLOGLQJVWKHPVHOYHVLQVDIHFRQGLWLRQV
DOORZLQJ WKHLU UHXVH DQG FRQVHTXHQWPDLQWHQDQFH EXW DOVR WR UHVSHFW WKHPRVWPHDQLQJIXO FKDUDFWHULVWLFV RI WKLV
KDPOHWLWVSHUIHFWLQWHJUDWLRQZLWKWKHVXUURXQGLQJQDWXUDOHQYLURQPHQW
$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQN/DXUD3UDWLIRUWKHVXSSRUWLQJHRPHFKDQLFDOVXUYH\DQGDQDO\VLVDQG$QQDPDULD
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5HIHUHQFHV
>@&RXQFLORI(XURSH7KH'HFODUDWLRQRI$PVWHUGDP
>@5XVNLQ-RKQ7KH6HYHQ/DPSVRI$UFKLWHFWXUH/RQGRQ
>@%HUWRW5$UFKLWHWWXUDUXUDOHLQ9DOG¶$QJURJQD&RPXQHGL$QJURJQD
>@5RGHOOD$=HWWL*%DUPD0RXQDVWLUDXQ¶DUFKLWHWWXUDGDUHVWDXUDUHULVFRSULUHHYLYHUH8QLYHUVLWjGL3DUPD
>@KWWSZZZODVWDPSDLWHVWHULHQRUPHPDVVRIUDQDVXOORFKDOHWIUDQFLDPXRLRQRGXHEDPELQL
/%2*:',PHQ\4G-*/94;.SDJLQDKWPO
>@0DUNODQG-7$XVHIXOWHFKQLTXHIRUHVWLPDWLQJWKHVWDELOLW\RIURFNVORSHVZKHQWKHULJLGZHGJHVOLGHW\SHRIIDLOXUHLVH[SHFWHG
,PSHULDO&ROOHJH5RFN0HFKDQLFV5HVHDUFK5HSULQWVQ
>@'LSVY5RFVFLHQFH,QF7RURQWR2QWDULR
>@)UDQFKL65HOD]LRQLSUHOLPLQDULVXOODFDPSDJQDJHRORJLFDGHOO¶DQQR%ROO5&RPLW*HRO,W
>@9LDORQ3(WXGHJqRORJLTXHGX0DVVLIFULVWDOOLQ'RUD0DLUD$OSHVFRWWLQQHVLQWHUQHV±,WDOLH7UDY/DE*qRO*UHQREOHPqPSS

>@%RUJKL$&DGRSSL33RUUR$6DFFKL56DQGURQH52VVHUYD]LRQLJHRORJLFKHQHOOD9DO*HUPDQDVFDHQHOODPHGLD9DO&KLVRQH$OSL
&R]LH%ROO0XV5HJ6FL1DW7RULQRSS
>@0DWWLUROR(1RYDUHVH9)UDQFKL6DQG6WHOOD$&DUWD*HRORJLFDG¶,WDOLDDVFDODIRJOLR3LQHUROR/LWRJUDILD$UWLVWLFD
&DUWRJUDILFD5RPD
>@6ZHGJHY8VHU0DQXDO5RFVFLHQFH,QF±7RURQWR2QWDULR
